Vibrio parahaemolyticus has been divided into two groups by its hemolytic activity on Wagatsuma medium; strains which show betatype hemolysis on Wagatsuma medium are called Kanagawa phenomenon (KP) positive, and those which give no hemolysis on Wagatsuma medium are called KP negative (5) .
Previously, we reported the existence of a thermostable hemolysin in a KP-positive strain and a thermolabile hemolysin in a KP-negative strain (4, 8) .
This paper reports the antigenic heterogeneities of these two hemolysins and their distributions in various strains of V. parahaemolyticus.
MATERIALS AND METHODS
Bacterial strains. The bacterial strains examined were as follows: V. parahaemolyticus T-2039, T-3454, T-3556, T-3662, T-4650, and T-5258, isolated from stools of patients suffering from gastroenteritis, and T-4694, isolated from a human carrier, which were supplied by H. Zen-Yoji; V. parahaemolyticus OV-1, OV-2, OV-3, OV-10, and OV-16, isolated from stools of patients suffering from gastroenteritis at Momoyama Hospital, Osaka City; V. parahaemolyticus WP-1, isolated from a patient with gastroenteritis, and WP-28, isolated from food suspected to be a causative agent of food poisoning; strains VP-1452, VP-1453, VP-1485, and VP-1486, isolated from stools of patients suffering from gastroenteritis, and OM-1 and OM-2, isolated from autopsy materials.
Preparation of hemolysin fractions. The purified thermostable hemolysin and the fractions of the hemolysins precipitated by acetic acid were prepared as described previously (4, 8) .
Immunological procedures. Antihemolysin antisera were prepared by immunizing rabbits as described previously (8) . The agar-gel diffusion test was performed as described previously (8) .
Test of inhibition of hemolytic activity by antihemolysm antiserum. A 0.25-ml portion of the hemolysin fraction was serially diluted twofold with 0.01 M phosphate buffer (pH 7.0) containing 0.9% sodium chloride, and 20 gliters of antihemolysin antiserum were added to each tube. The antihemolysin antiserum used in this experiment formed a precipitin line with homologous hemolysin in an agar-gel diffusion test even when the antiserum was diluted 16-fold. The mixtures were incubated at 37 C for 30 min. A 0.25-ml sample of a 1% suspension of washed human erythrocytes (about 8.3 x 107 cells/ml) was added to each tube, and the mixtures were incubated at 37 C for 2 h and then kept in the cold (4 C) for an additional 12 h. Hemolytic activity was estimated by the degree of hemolysis observed.
RESULTS
Heterogeneity of hemolysins produced by a KP-positive and a KP-negative strain. The hemolysins produced by a KP-positive and a KP-negative strain were different ( Table 1) . The hemolytic activity of the hemolysin of V. parahaemolyticus WP-1, a KP-positive strain, was almost completely inhibited by antiserum against the purified thermostable direct hemolysin, whereas this antiserum caused little inhibition of the hemolytic activity of the hemolysin of V. parahaemolyticus T-3454, a KPnegative strain. Similarly, hemolytic activity of V. parahaemolyticus OV-10, OV-16, OM-1, and OM-2 was almost completely inhibited by the antiserum. On the other hand, hemolytic activity of the hemolysin of V. parahaemolyticus OV-2 was partially inhibited by the antiserum, and significant hemolysis remained after the neutralization. This may have been due to The dissimilarities of the two hemolysins in Wagatsuma medium are also shown in Fig. 1 . In this experiment, the fractions of the two hemolysins precipitated by acetic acid, which had almost the same hemolytic activities, were placed in wells cut in Wagatsuma medium (for Wagatsuma medium, see reference 1).
The hemolysin of the KP-positive strain gave a clear zone of beta-hemolysis around the well, whereas no hemolysis was observed with hemolysin of the KP-negative strain. These results were consistent with the results of the Kanagawa phenomenon produced by living cells of V. parahaemolyticus.
Distribution of thermostable direct hemolysin. The distribution of the thermostable direct hemolysin of V. parahaemolyticus WP-1 among various strains of V. parahaemolyticus was studied by the immunodiffusion technique. Formation of a precipitation line between the antiserum against the purified thermostable direct hemolysin and acid precipitate fractions of various strains of V. parahaemolyticus showed that the thermostable direct hemolysin was present in KP-positive, but not KP-negative, strains. The acid precipitate fractions of all 12 KP-positive strains tested formed a single precipitin line, and these fused with each other (Fig. 2) . On the other hand, no precipitin line was formed by the acid precipitate fractions from eight KP-negative strains. Acid precipitate fractions of the KP-negative strain all failed to form a precipi- tin line, even when these fractions were concentrated fivefold.
Distribution of thermolabile hemolysin from the KP-negative strain. Antiserum against the acid precipitate fraction of the KP-negative strain T-3454, which is thermolabile (Table 2) , was prepared, and the inhibition of hemolytic activity by this antiserum was used to study the distribution of thermolabile hemolysin.
The hemolytic activities of hemolysin of eight KP-negative strains and of seven of the 12 KP-positive strains tested were inhibited by this antiserum ( Table 1 . 'Dilution of the hemolysin. The undiluted sample of hemolysin contained 16 mg of protein per ml.
phenomenon by living cells of V. parahaemolyticus.
It is shown (Fig. 2 ) that all strains that gave a positive Kanagawa phenomenon produced thermostable hemolysin; some of them produced thermolabile hemolysin and some did not. All strains that gave a negative Kanagawa phenomenon failed to produce thermostable hemolysin but produced thermolabile hemolysin. This suggests the possibility of using antiserum against the purified thermostable direct hemolysin for identification of KP-positive strains of V. parahaemolyticus.
The thermolabile hemolysin produced by V. parahaemolyticus T-3454 is antigenically identical to the hemolysin produced by V. parahaemolyticus T-3454. A close correlation of human pathogenicity of V. parahaemolyticus and KP-positive reaction has been documented (5). KP-negative V. parahaemolyticus T-3454 used in this study is considered to be a causative agent of gastroenteritis (H. Zen-Yoji, personal communication). The fact that the thermostable hemolysin was not demonstrated in T-3454 may suggest that there are some other factor(s) responsible for human pathogenicity.
